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(54) Printing apparatus and recording solution 

(57) A printing apparatus in which metered amounts 
of an ink and a diluting solution are mixed and the 
resulting mixed liquid is ejected to a recording medium 
for printing. Specifically, the ink and the dilution liquid at 
least containing a water-soluble organic solvent are 
mixed together in respective metered amounts and the 
resulting liquid mixture is ejected to the recording 
medium. The water-soluble organic solvent desirably 
contains the aliphatic monohydric alcohol, a polyhydric 
alcohol or its derivatives. The dilution liquid may contain 
a non-water-soluble organic solvent or a dispersion 
medium composed of water and a non-water-soluble 
resin. An OH-group containing resin and a cross-linking 
agent are desirably contained in the non-water-soluble 
resin. Ink fixing properties for a picture recorded by dis- 
charging the liquid mixture of the ink and the dilution liq- 
uid may be improved, while suppression of bleeding in 
the picture and improved discharging stability are also 
achieved. 
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According to the present invention, there is provided a printing apparatus in which a metered amount of an ink and 
a metered amount of a dilution liquid are mixed together and a resulting mixed liquid is ejected onto a recording medium 
for recording, wherein the dilution liquid contains at least a water-soluble organic solvent. 

According to the present invention, there is also provided a recording liquid used in a printing apparatus in which a 
5 metered amount of an ink and a metered amount of a dilution liquid are mixed together and a resulting mixed liquid is 
ejected onto a recording medium for recording, wherein the dilution liquid contains at least a water-soluble organic sol- 
vent. 

In the printing apparatus or the recording liquid according to the present invention, the amount of the water-soluble 
organic solvent in the dilution liquid is preferably not less than 1 wt%. 
10 The water-soluble organic solvents may be enumerated by lower alcohols, such as methyl alcohol, ethyl alcohol, n- 
propyl alcohol or n-butyl alcohol, alcohol amines, such as monoethanol amine, diethanol amine or triethanol amine, 
ketones, such as acetone or methylethylketone, amides, such as dimethylamide or dimethyiacetoamide, ethers such as 
dioxane. alkylene glycols, such as ethylene glycol, propylene glycol, butylene glycol, triethylene glycol or thiodiglycol, 
polyalkylene glycols, such as polyethylene glycol or polypropyrene glycol, lower alkyl ethers of polyhydric alcohols, such 
15 as ethylene glycol dimethylether or diethylene glycol monomethylether, and glycerin. 

Also, as a result of our perseverant researches, the present inventors have found that, if the water-soluble organic 
solvent contains the aliphatic monohydric alcohol, it becomes possible to improve permeability of the dilution liquid to 
the recording medium, such as a printing paper, or drying properties of the produced picture. 

That is, in the printing apparatus or the recording liquid according to the present invention, an aliphatic monohydric 
20 alcohol may be contained in the water-soluble organic solvent. As the aliphatic monohydric alcohol, ethyl alcohol, iso- 
propyl alcohol and n-butyl alcohol are thought to be preferred. Of these, isopropyl alcohol is desirable in that it exhibits 
moderate dryness as compared to other alcohols, emits less odor and is capable of raising dot-forming performance. 

Likewise, as a result of our perseverant researches, the present inventors have found that, if a polyhydric alcohol 
or its derivative is contained in the water-soluble organic solvent, it becomes possible to prohibit stuffing of the printing 
25 apparatus and to improve preservability of the dilution liquid. 

That is, in the printing apparatus or the recording liquid according to the present invention, a polyhydric alcohol or 
its derivative may also be contained as the water-soluble organic solvent. Among the derivatives of the polyhydric alco- 
hols, alkyl ether derivatives of the polyhydric alcohols, that are hygroscopic high-melting solvents, are highly effective in 
prohibiting stuffing of the printing apparatus. In addition, diethylene glycol and glycerin are highly effective in improving 
30 preservability of the dilution liquid since these compounds prove optimum solvents for ink dyes and have the effect of 
lowering the freezing point of water. 

In the printing apparatus or the recording liquid according to the present invention, at least one of the surfactant, 
viscosity adjustment agent, anti-foaming agent, antiseptics or the pH adjustment agent may be contained in the dilution 
liquid. 

35 The surfactants may be enumerated by anionic surfactants, such as alkyl sulfates or alkyl ether sulfates, polyox- 
yethylene alkyl ethers or polyoxy ethylene fatty acid esters. These surfactants may be used appropriately depending 
upon usage and application. The amount of addition of the surfactant is desirably 0.01 to 50 wt% based on the total 
weight of the dilution liquid, depending upon the composition of the dilution liquid and the surfactant structure. The pH 
adjustment agent may be suitably selected so that a pH value will be on the order of 7.0 to 11 . The pH value of the ink 
40 affects the portion it contacts, in other words, the stability of the ink itself. This it is desirable to adjust the pH value to 
the above range by the pH adjustment agent. 

Similarly, as a result of our perseverant researches, the present inventors have found that, if a water-insoluble 
organic solvent or a dispersion medium composed of water and a non-water-soluble resin is used as a dilution liquid, it 
becomes possible to improve ink fixing properties and to suppress bleeding in a picture as well as to improve discharg- 
es ing stability in the printing apparatus. 

Thus, there is provided, according to the present invention, a printing apparatus in which a metered amount of an 
ink and a metered amount of a dilution liquid are mixed together and a resulting mixed liquid is ejected onto a recording 
medium for recording, wherein the dilution liquid contains a non-water-soluble organic solvent or a dispersion medium 
composed of water and a water-insoluble resin. 
so There is also provided, according to the present invention, a dilution liquid used in a printing apparatus in which a 
metered amount of an ink and a metered amount of a dilution liquid are mixed together and a resulting mixed liquid is 
ejected onto a recording medium for recording, wherein the dilution liquid contains a water-insoluble organic solvent or 
a dispersion medium composed of water and a water-insoluble resin. 

In the printing apparatus or the recording liquid according to the present invention, the dispersion medium prefera- 
55 bly contains a surfactant. 

In the printing apparatus or the recording liquid according to the present invention, a fatty acid glycerin ester is pref- 
erably contained as a water-insoluble organic solvent. 

In the printing apparatus or the recording liquid according to the present invention, the water-insoluble resin in the 
dilution liquid preferably contains a resin containing an active OH-group. 
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The orifice plate 1 has a layered structure comprised of a first plate 1 1 , a second plate 1 2 and a third plate 13, with 
the third plate 3 being sandwiched in the direction of thickness between the first plate 1 1 and the second plate 12, as 
shown in Fig. 2. 

The first plate 1 1 , in other words, a surface 1a of the layered plate, is formed with first and second supply ports 21 , 
5 22, while the second plate 12, in other words, the other surface 1b of the layered plate, is formed with a nozzle 23 for 
discharging a mixed liquid composed of the two liquids supplied via first and second ports 21 , 22. 

The third plate 13 is provided between the first plate 111 and the second plate 12. This third plate 13 is formed of 
a dry film resist and has a channel 24 extending along the inner surface of the plate. The channel 24 is connected with 
the first and second supply ports 21 , 22 and the nozzle 23. 
10 The nozzle 23 is formed in register with the first supply port 21 as a circular through-hole having a diameter larger 
than the diameter of the fist supply port 21 . Although the nozzle 23 is preferably larger in diameter than the first nozzle 
21, it may also be of the same diameter as the first nozzle. Similarly to the first and second supply ports 21. 22, the 
nozzle 23 may also be elliptical or rectangular instead of being circular in shape. 

The channel 24 is tapered from the second supply port 22 not in register with the nozzle 23 towards the nozzle 23. 
75 as shown in Fig.3. However, the nozzle 23 may also be of the same diameter. 

The first and second liquid reservoirs 4 and 5, connected to the orifice plate 1 , are explained. 
The liquid reservoir 4 is a vessel having a substantially box-shaped hollow portion 6, as shown in Fig.1 . The upper 
surface of the hollow portion 6 is defined by an opening 6a communicating with the first supply port 21 of the orifice 
plate 1 . The second liquid reservoir 5 is also a vessel having a substantially box-shaped hollow portion 7, with the upper 
20 surface of the hollow portion 7 being defined by an opening 7a communicating with the second supply port 22. 

The first liquid reservoir 4 has a bottom 6b opposite to the opening 6a of the hollow portion 6 of the liquid reservoir 
4. The bottom 6b is formed with a thorough-hole 8 communicating with the hollow portion 6 and with the outside. The 
second liquid reservoir 5 also has a bottom 7b opposite to the opening 7a. The bottom 7b is formed with a thorough- 
hole 9 communicating with the hollow portion 6 and with the outside. 
25 Thus, with the printing apparatus of the present embodiment, the through-hole 8, hollow portion 6 and the first sup- 
ply port 21 communicate with one another to constitute a through-hole charged with the dilution liquid as the first solu- 
tion 2. Similarly, the through-hole 9, hollow portion 7, the second supply port 22 and the channel 24 communicate with 
one another to constitute a through-hole charged with ink as the second solution 3. 

The first and second liquid reservoirs 4, 5 are fitted with piezo-electric elements 31 , 32, respectively. These piezo- 
30 electric elements 31, 32 are deformed by electric signals supplied thereto for changing the pressure within the liquid 
reservoirs 4 and 5. 

With the printing apparatus of the present embodiment, employing the piezoelectric elements 31, 32, the mixing 
ratio of the second liquid 3 contained in the mixing liquid, that is the ink density, may be adjusted by adjusting the voltage 
pulses supplied to the elements 31, 32. 
35 For printing by the above-described printing device, the second liquid 3, which is the ink supplied from the second 
supply port 22, is charged into the channel 24 under the capillary tube phenomenon for forming a second meniscus M2 
at a distal end 24a of the channel 24, while a first meniscus M1 by the first liquid 2 which is the dilution liquid supplied 
from the first supply port 21 is formed at a distal end 21a of the first supply port 21 by the capillary tube phenomenon, 
as shown in Fig.1. 

40 A voltage pulse is then applied to the piezo-electric element 32 provided in the second liquid reservoir 5 charged 
with the second liquid 3 for applying a pressure to the second liquid reservoir 5 for raising the pressure within the hollow 
portion 7 and a pressure P2 in the channel 24. As a result, the second meniscus M2 of the second liquid 3 is moved 
towards the nozzle 23 operating as a mixing chamber thus extruding the second liquid 3 into the nozzle 23. The 
extruded amount of the second liquid 3 is controlled at this time by the value of the pressure exerted by the piezoelectric 

45 element 32 to the second liquid reservoir 5 and by the voltage value or pulse width of the voltage pulse supplied to the 
piezo-electric element 32. 

By adjusting the amount of rise and the rise duration of the pressure P2, the second meniscus M2 is contacted with 
the first meniscus M1 of the first liquid 2 within the nozzle 32, as a result of which a mixed liquid 10 composed of the 
first liquid 2 and the second liquid 3 is generated in the nozzle 23. 

so The voltage pulse supplied to the piezoelectric element 32 provided in the second liquid reservoir 5 is reset to an 
original value. If there is no pressure rise of the second liquid 3 in the channel 24, the second meniscus M2 of the sec- 
ond liquid 3 is stable if it is present at a position out of contact with the first meniscus M1 of the first liquid 2. Thus the 
second meniscus M1 is receded towards the channel 24, away from the first liquid 2, and is ultimately, formed at the 
distal end 24a of the channel 24, as shown in Fig.6. The mixed liquid 10, having an intermediate density, is formed 

55 within the nozzle 23, as shown in Fig.7. 

By further increasing the rise amount and rise duration of the pressure P2 of the second liquid 3, that is the voltage 
value or the pulse width of the voltage pulse supplied to the piezo-electric element 32, the mixing ratio of the second 
liquid 3 in the mixed liquid 10, that is the ink density, may be increased. That is, the mixing ratio of the generated mixed 
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so The ink was then prepared. From the ink cartridges of a printing apparatus produced by HULETT PACKARD INC. 
under the trade name of DESKJET! 200C. inks of respective colors of yellow (Y), magenta (M) and cyan (C) were taken 
out as an ink sample 1 . Then, from the ink cartridges of a printing apparatus produced by EPSOM INC. under the trade 
name of MJ-700V2C, inks of respective colors of Y, M and C were taken out as ink sample 2. 

Using inventive samples 1 to 13 and the comparative sample as the dilution liquids, and also using the ink samples 

55 i and 2 as inks, pictures of the above colors were formed by the above printing apparatus for checking into ink fixation 
properties, occurrence of bleeding and eject stability at the time of discharging. 

The ink fixation properties were checked by printing a letter as a picture on a marketed copy sheet, rubbing the 
printed letter with the same copy sheet at pre-set time intervals and measuring the time which elapsed until tailing of 
the mixed liquid constituting the letter disappears and the paper sheet is no longer contaminated. This time becomes 
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30 In the above Table 2, the results of evaluation on pictures printed using respective inks and the respective dilution 
liquids and the results of overall evaluation taking into account the preservability of the dilution liquids are also shown. 
The overall evaluation is given in four stages, so that ©, O. and X indicate a satisfactory picture and good preserv- 
ability of the dilution liquid, a satisfactory picture and inferior preservability of the dilution liquid, practically acceptable 
picture and practically unacceptable picture, respectively. 

35 it is seen from the results of Tables 1 , 2 and 3 that, if the dilution liquids of the inventive samples 1 to 13 containing 
at least the water-soluble organic solvent, it becomes possible to produce pictures more satisfactory in respective prop- 
erties without regard to the ink types than if the dilution liquid of the comparative sample composed only of water is 
used, and that the eject stability at the time of discharging is also satisfactory. Although it is seen from Tables 2 and 3 
that similar results are obtained with the use of the dilution liquids of the inventive samples and of the dilution liquid of 

40 the comparative sample, it has been confirmed that the dilution liquids of the inventive samples are practically more 
desirable. 

It has also been conformed from the results of Tables 1 . 2 and 3 that, in the diluting solutions of the inventive sam- 
ples 2, 4, 9, 10 and 12, containing relatively small amounts of the water-soluble organic solvents, the effect of the water- 
soluble organic solvents is low, while ink fixing properties and discharging stability pose no practical problems, but are; 

45 only slightly insufficient. In the inventive sample 9, the stuffed state of the printing apparatus was found to have been 
resolved. On the other hand, in dilution solutions of the inventive samples 5, 6, 7, 8, 1 1 and 13, in which the water-sol- 
uble organic solvents are contained in moderate amounts, the effect of the water-soluble organic solvent is high and 
picture characteristics as well as discharging stability is generally satisfactory. 

It has also been found that, if the dilution liquid is composed only of the water-soluble organic solvents, as in inven- 

50 tive samples 1 and 3, volatility is excessively high as in the inventive sample 1 , thus testifying to slightly insufficient char- 
acteristics. 

Thus it has been found that the content of the water-soluble organic solvent in the dilution liquid be desirably on the 
order of 5 to 10 wt%. If aliphatic monohydric alcohol is used as the water-soluble organic solvent, the dilution liquid 
becomes excessively high in volatility thus impairing its preservability. If polyhydric alcohol or its derivative is used as 
55 the water-soluble organic solvent, the dilution liquid becomes low in drying properties for the amount of the water-solu- 
ble organic solvent exceeding 50 wt%, thus impairing ink fixation properties. 

That is, if the dilution liquid for the printing apparatus of the present embodiment containing at least the water-sol- 
uble .organic solvent is used, and the water-soluble organic solvent contains a moderate amount of the aliphatic mono- 
hydric alcohol, picture fixing properties, in other words, the ink fixing properties, is improved without lowering picture 
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It is seen from the results of Table 4 that, if dilution liquids of the inventive samples 14 to 18 containing a dispersion 
medium composed of water and the non-water-soluble resin are used, a picture having characteristics better than those 
in case of using the conventional dilution liquid composed only of water is provided, while discharging stability at the 
time of discharging is also improved. Although it is seen from Table 4 that similar results are obtained with the use of 
5 the dilution liquids of the inventive samples and of the dilution liquid of the comparative sample, it has been confirmed 
that the dilution liquids of the inventive samples are practically more desirable. 

It is also seen from the results of Table 4 that, with the inventive sample 1 4 composed only of the non-water-soluble 
organic solvent or the inventive samples 1 5 and 1 8 composed only of the dispersion medium, ink fixing properties and 
discharging stability pose no practical problems, but are only slightly insufficient. 
10 It is also seen that, with the inventive samples 16 and 1 7 of the dilution liquid admixed with a cross-linking agent, 
in which cross-linking occurs on the picture, a picture may be produced in which ink fixing properties and durability are 
further raised, while bleeding is prohibited further. It has been conformed that improved ink fixing properties also repre- 
sent improved anti-frictional properties such that cross-linking has led to improved anti-frictional properties. 

Consequently, if a dilution liquid containing a non-water-soluble organic solvent or a dispersion medium composed 
is of water and the non-water-soluble resin is used in the printing apparatus of the present embodiment, improved ink fix- 
ing properties and suppression of bleeding may be achieved in the picture, while discharging stability may be assured 
in the printing apparatus, thus assuring the high picture quality. 

If the resin having active OH-groups in the non-water-soluble resin is contained in the non-water-soluble resin, 
cross-linking of the resin occurs on the picture for further improving water-proofness and anti-frictional properties of the 
20 produced picture. 

If a dilution liquid containing an UV absorber or a fluorescent whitening agent is used in the inventive samples dis- 
cussed in the above experimental example, similar results may also be achieved. 

The present invention resides in that, in a printing apparatus in which the ink and the dilution liquid are mixed 
together in pre-set metered amounts and the resulting mixed liquid is ejected onto a recording medium for recording, 
25 the dilution liquid contains at least a water-soluble organic solvent. 

If the water-soluble organic solvent contains polyhydric alcohol, especially an alkyl ether derivative of polyhydric 
alcohol, the stuffed state of the printing apparatus may be resolved and a high-quality picture may be produced since 
the alkyl ether derivative is a hygroscopic high-melting solvent. If the water-soluble organic solvent contains diethylene 
glycol or glycerin, it operates as an excellent solvent for ink dye. In addition, the dilution liquid is improved in preserva- 
30 bility due to the effect of the solvent in lowering the freezing point of water, thus realizing the high picture quality. 

If, in the printing apparatus of the present invention, the dilution liquid contains the water-insoluble organic solvent 
or a dispersion medium composed of water and the water-insoluble resin, improved ink fixing properties and suppres- 
sion of bleeding in a picture and improved discharging stability in the printing apparatus may be achieved, thus enabling 
a picture of high quality to be produced. 
35 If a resin containing an active OH-group is contained as the water-insoluble resin, cross-linking occurs on a picture 

formed by the mixed liquid, thus improving water-proofness and anti-frictional properties of the produced picture. 

If a cross-lining agent is contained in the dilution liquid, cross-linking on the picture formed by the mixed liquid is 
promoted for further improving water-proofness and anti-frictional properties. 



40 Claims 



1. A printing apparatus in which a metered amount of an ink and a metered amount of a dilution liquid are mixed 
together and a resulting mixed liquid is ejected onto a recording medium for recording, wherein the improvement 
resides in that 

45 said dilution liquid contains at least a water-soluble organic solvent 

2. The printing apparatus as claimed in claim 1 wherein the dilution liquid contains water. 

3. The printing apparatus as claimed in claim 1 wherein the amount of the water-soluble organic solvent in the dilution 
so liquid is not less than 1 wt%. 

4. The printing apparatus as claimed in claim 1 wherein an aliphatic monohydric alcohol is contained as the water- 
soluble organic solvent. 

55 5. The printing apparatus as claimed in claim 4 wherein aliphatic monohydric alcohol is isopropyl alcohol. 

6. The printing apparatus as claimed in claim 1 wherein a polyhydric alcohol or a derivative thereof is contained as a 
water-soluble organic solvent. 
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25. The printing apparatus as claimed in claim 12 wherein the printing apparatus is of an on-demand type. 

26. A recording liquid used in a printing apparatus in which a metered amount of an ink and a metered amount of a 
dilution liquid are mixed together and a resulting mixed liquid is ejected onto a recording medium for recording, 

5 wherein the improvement resides in that 

the dilution liquid contains at least a water-soluble organic solvent. 

27. The printing apparatus as claimed in claim 26 wherein the dilution liquid contains water. 

10 28. The recording liquid as claimed in claim 26 wherein the amount of the water-soluble organic solvent in the dilution 
liquid is not less than 1 wt%. 

29. The recording liquid as claimed in claim 26 wherein an aliphatic monohydric alcohol is contained as the water-sol- 
uble organic solvent. 

15 

30. The recording liquid as claimed in claim 29 wherein the aliphatic monohydric ajcohol is isopropyl alcohol. 

31 . The recording liquid as claimed in claim 26 wherein a polyhydric alcohol or a derivative thereof is contained as a 
water-soluble organic solvent. 

20 

32. The recording liquid as claimed in claim 26 wherein at least two or more of at least an aliphatic monohydric alcohol, 
a polyhydric alcohol and a derivative of the polyhydric alcohol are contained as the water-soluble organic solvent. 

33. The recording liquid as claimed in claim 26 wherein at least one of a surfactant, a viscosity adjustment agent, an 
25 anti-foaming agent, antiseptics and a ph adjustment agent is contained in the dilution liquid. 

34. A recording liquid employed in a printing apparatus in which a metered amount of an ink and a metered amount of 
a dilution liquid are mixed together and a resulting mixed liquid is ejected onto a recording medium for recording, 
wherein the improvement resides in that 

3 o said dilution liquid contains a non-water-soluble organic solvent or a dispersion medium composed of water 

and a non-water-soluble resin. 

35. The recording liquid as claimed in claim 34 wherein the dispersion medium contains a surfactant. 

35 36. The recording liquid as claimed in claim 34 wherein an aliphatic acid glycerin ester is contained as a non-water- 
soluble organic solvent. 

37. The recording liquid as claimed in claim 34 wherein the amount of the non-water-soluble resin in the dilution liquid 
is 0.01 wt%to50wt%. 

40 

38. The recording liquid as claimed in claim 34 wherein a resin containing an active OH-group is contained n the non- 
water-soluble resin in the dilution liquid. 

39. The recording liquid as claimed in claim 34 wherein a resin rendered transparent after film formation on a recording 
45 medium and having a pencil hardness not less than B is contained in the non-water-soluble resin in the dilution liq- 
uid. 

40. The recording liquid as claimed in claim 34 wherein a dispersion medium and a cross-linking agent inert in the dilu- 
tion liquid are contained in the dilution liquid. 

50 

41. The recording liquid as claimed in claim 40 wherein the cross-linking agent is a dialdehyde, a derivative thereof or 
an isocyanate derivative having protected reactive group. 

42. The recording liquid as claimed in claim 34 wherein an UV absorber is contained in the dilution liquid. 

55 

43. The recording liquid as claimed in claim 34 wherein a fluorescent whitening agent is contained in the dilution liquid. 

44. The recording liquid as claimed in claim 34 wherein the ink is an oily dye. 
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(57) A printing apparatus in which metered amounts 
of an ink and a diluting solution are mixed and the 
resulting mixed liquid is ejected to a recording medium 
for printing. Specifically, the ink and the dilution liquid at 
least containing a water-soluble organic solvent are 
mixed together in respective metered amounts and the 
resulting liquid mixture is ejected to the recording 
medium. The water-soluble organic solvent desirably 
contains the aliphatic monohydric alcohol, a polyhydric 
alcohol or its derivatives. The dilution liquid may contain 
a non-water-soluble organic solvent or a dispersion 
medium composed of water and a non-water-soluble 
resin. An OH-group containing resin and a cross-linking 
agent are desirably contained in the non-water-soluble 
resin. Ink fixing properties for a picture recorded by dis- 
charging the liquid mixture of the ink and the dilution liq- 
uid may be improved, while suppression of bleeding in 
the picture and improved discharging stability are also 
achieved. 
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